Background: Early diagnosis of HIV is important for the prognosis of individual patients, because antiretroviral treatment can be started at the appropriate time, and for public health, because transmission can be prevented. Methods: Data were collected from 767 HIV patients who were diagnosed in Sweden during 2003 -2010 and were infected in Sweden or born in Sweden and infected abroad. A recent infection testing algorithm (RITA) was applied to BED-EIA test results (OD-n Ͻ 0.8), CD4 counts ( Ն 200 cells/ μ l), and clinical information. A recent infection classifi cation was used as indicator for early diagnosis. Time trends in early diagnosis were investigated to detect population changes in HIV testing behavior. Patients with early diagnosis were compared to patients with delayed diagnosis with respect to age, gender, transmission route, and country of infection (Sweden or abroad). Results: Early diagnosis was observed in 271 patients (35%). There was no statistically signifi cant time trend in the yearly percentage of patients with early diagnosis in the entire study group ( p ϭ 0.836) or in subgroups. Early diagnosis was signifi cantly more common in men who have sex men (MSM) (45%) than in heterosexuals (21%) and injecting drug users (27%) ( p Ͻ 0.001 and p ϭ 0.001, respectively) in both univariate and multivariable analyses. The only other factor that remained associated with early diagnosis in multivariable analysis was young age group. Conclusion: Approximately one-third of the study patients were diagnosed early with no signifi cant change over time. Delayed HIV diagnosis is a considerable problem in Sweden, which does not appear to diminish.
Introduction
Early diagnosis of HIV is important for the prognosis of individual patients, because antiretroviral treatment (ART) can be started at the appropriate time, as well as for public health, since transmission can be prevented [1] . In the early years of the 21st century, several studies were published in Europe investigating the trend in late diagnosis [2] . The objective of these studies was to investigate whether the introduction of more effective ART had decreased the time from infection to diagnosis. Surprisingly, most studies found a stable or increasing trend of late diagnosis. The ' late presenters ' were found mainly among immigrants or in population groups considered to have a low risk of HIV infection or who were not covered by routine screening, such as people above 40 years of age, heterosexuals, men (compared to women), and those having children [2] . Newer studies on late presentation or diagnosis are scarce and the reported percentages of late presenters among newly diagnosed HIV patients in Europe vary considerably (from 12% to 60%) [1] .
The defi nitions for late diagnosis have varied widely between studies. Some studies used laboratory-based defi nitions, such as CD4 ϩ T-lymphocyte (CD4) counts below 200 or 350 cells/ μ l at the time of diagnosis, whereas other studies used clinical defi nitions based on time to development of AIDS [2, 3] . Unfortunately, none of these defi nitions are linearly related to time from infection, but rather a measure of disease progression at time of diagnosis in relation to the optimal time for start of ART [4, 5] . A related approach to explore the epidemiology of the disease is to estimate HIV incidence in populations using serological assays [6] , such as the BED assay (HIV-1 IgG capture BED enzyme-linked immunoassay). These assays detect recent infections among all HIV-positive cases; where recent infection means seroconversion within approximately the previous 6 months. A major advantage of this method is that it provides information regarding current HIV transmission and testing, rather than late presentation. The BED assay was developed by the Centers for Disease Control and Prevention (CDC) in Atlanta, USA and measures the levels of HIV-1-specifi c antibodies out of total IgG, which increases with time since infection [7] . However, the BED assay can give false-positive recent results, e.g. for patients with low CD4 counts [8, 9] . Thus, removing patients with low CD4 count from those classifi ed as having recent infections was recommended by UNAIDS [10] . To further increase the specifi city of the result from the BED assay a recent infection testing algorithm (RITA), taking CD4 counts as well as clinical information into account, was developed by the European Centre for Disease Prevention and Control (ECDC) [11] and used in testing algorithms in, for example, the United Kingdom [12] .
To allow for international comparability, we used the algorithm proposed by the ECDC in the present surveillance study on HIV patients diagnosed in Sweden between 2003 and 2010. Patients classifi ed as having recent infection were compared to patients with delayed diagnosis to investigate whether there were trends in early HIV diagnosis over recent years and to identify factors associated with early diagnosis. In order to detect changes over time in HIV testing behavior due to prevention efforts within the national strategy for HIV prevention in Sweden [13] , the study was restricted to people who should have been reached by these efforts, i.e. we did not include immigrants infected abroad.
Materials and methods

Data collection and inclusion criteria
We used clinical, epidemiological, and laboratory data as well as plasma samples from a previously published study, which investigated transmitted drug resistance among 1463 HIV patients who were diagnosed in Sweden during 2003 -2010 [14] . The previous study included approximately 44% of all newly diagnosed patients who had been reported as HIV-1-infected in the national Swedish surveillance system ( www.sminet.se ) during the study period and was reasonably well matched to them, except for a slight over-representation of men who have sex with men (MSM).
Informed written or oral consent was obtained from all adult participants and from the next of kin, caregivers or guardians on behalf of minors and children and was documented in the patient ' s records. The research was conducted according to the Declaration of Helsinki and was approved by the Regional Medical Ethics Board in Stockholm, Sweden (Dnr 02 -367, 04 -797, 2007/1533, and 2011/1854) which permitted use of either written or oral consent to minimize the risk of selection biases due to patient drop-out due to willingness to take part in the study, but reluctance to provide written consent. All data were anonymized [14] . The study protocol, questionnaire, and database, as well as a system for data verifi cation, were developed as part of a panEuropean study of transmitted drug resistance [15] .
In the present study we included study subjects from the previous study if they: (i) were reported to have been infected in Sweden or were born in Sweden and reported to have been infected abroad; (ii) had a successful BED result from a sample collected within 120 days from the date of diagnosis; (iii) had a CD4 count available from 120 days before to 120 days after the date of sampling for BED testing.
Data on country of origin, probable country of infection, and transmission route were collected in standardized questionnaires fi lled out by the patient ' s doctor or nurse and were obtained as part of mandatory contact tracing [14] .
Laboratory methods
The BED assay (Calypte Biomedical Corp, Lake Oswega, OR, USA) was performed according to the manufacturer ' s instructions with the recommended cut-off for recent infection of OD-n Ͻ 0. 8 . As mentioned, this cut-off corresponds to approximately 6 months between infection and sampling for BED testing [7] . Data on CD4 counts at diagnosis were available from the previous study [14] and most data on BED test results were available from a separate recent study [16] .
Defi nition of early diagnosis and statistical methods
Patients were classifi ed as having early or delayed diagnosis using the ECDC recent infection testing algorithm [11] with one minor modifi cation. Thus, patients were classifi ed as having an early diagnosis if they had a BED OD value Ͻ 0.8 in a blood sample drawn within 4 months from diagnosis provided that they did not have low CD4 count ( Ͻ 200 cells/ μ l), low viral load ( Ͻ 400 copies/ml), ongoing ART, and/ or an AIDS-defi ning illness at diagnosis. The last criterion differs from the ECDC RITA, which specifi es that patients with AIDS within 1 year of diagnosis should not be classifi ed as recently infected. This modifi cation was used because we had information about AIDS at diagnosis, but not during follow-up. Patients fulfi lling the criteria for early diagnosis were compared with remaining patients, who were defi ned as having delayed diagnosis.
We performed a trend analysis using a logistic regression model with early diagnosis as dependent variable and year as the only independent variable. Trend analyses were also done separately for each major transmission group and by country of infection (Sweden vs abroad). We investigated the following factors for association with early diagnosis: age, gender, transmission route, country of infection, and country of birth. Factors identifi ed in univariate logistic regression analysis at a signifi cance level of 5% were included in a multivariable model. All factors were treated as categorical variables. Patients with missing data on country of infection ( n ϭ 37) and country of birth ( n ϭ 3) were included in the abroad category in the logistic regression.
Results
The present study included 767 HIV-1-infected patients. Of 1463 patients in the previous study, 609 were excluded as they were reported as both born and infected abroad. An additional 87 patients were excluded due to lack of BED or CD4 test results fulfi lling the inclusion criteria ( n ϭ 78 and n ϭ 9, respectively). Table I shows the main characteristics of the study subjects. The three main transmission groups were: men who have sex with men (MSM) ( n ϭ 402), heterosexuals ( n ϭ 191), and injecting drug users (IDUs) ( n ϭ 121). A majority of the study subjects were infected in Sweden ( n ϭ 576, 75%). However, it should be stressed that we did not investigate immigrants infected abroad, who constituted around half of all diagnosed patients during the study period.
A total of 271 patients (35%) were diagnosed early according to our defi nition. The yearly percentage of patients with early diagnosis varied between 24% (year 2003) and 48% (year 2005), but there was no signifi cant time trend ( p ϭ 0.836) (Figure 1) . Similarly, no signifi cant time trend was found in any of three transmission groups (heterosexuals, p ϭ 0.064; MSM, p ϭ 0.536; or IDUs, p ϭ 0.230) (Figure 1 ) or by country of infection (Sweden, p ϭ 0.665 or abroad, p ϭ 0.132) (not shown). Early diagnosis was signifi cantly more common among MSM (45%) than among heterosexuals (21%) and IDUs (27%) ( p Ͻ 0.001 and p ϭ 0.001, respectively). This difference remained in the multivariable analysis (Table I) . In the univariate analysis we also found that women were less likely than men to have an early diagnosis (odds ratio 0.63, p ϭ 0.043). This association was no longer signifi cant in the multivariable analysis that adjusted for transmission route and was entirely explained by the difference in time to diagnosis between the heterosexually infected group and MSM (Table I) . Similarly, there was a difference in the univariate analysis between persons infected in Sweden or abroad, which disappeared in the multivariable analysis. This was explained by a higher proportion of heterosexual transmission in the group infected abroad compared with the predominance of MSM transmission in Sweden. The factors that remained signifi cantly associated with early diagnosis in the multivariable analysis were young age group and being MSM (Table I) .
Discussion
In this surveillance study we investigated trends in early diagnosis among HIV patients diagnosed in Sweden over the time period 2003 -2010 to detect possible changes in HIV testing behavior due to national prevention efforts. The study was restricted to patients reported as infected in Sweden and patients born in Sweden and infected abroad. Immigrants infected abroad were not included, as further discussed below. Our results indicated that about one-third of study patients received their diagnosis within 6 months of infection. Thus, a majority of HIV patients were diagnosed at an undefi ned time later in the course of the disease. This underlines the fact that delayed HIV diagnosis is a considerable problem in Sweden, as it is internationally [1] . Furthermore, this problem does not appear to diminish over time.
For some patients the delayed HIV diagnosis will affect the prognosis because treatment cannot be started at an optimal time [1 -19] . Delayed diagnosis is also likely to affect public health because the risk of onward transmission is higher from persons who are unaware of their infection as compared with persons who have been diagnosed [20] . In addition, a majority of diagnosed HIV-1 patients in Sweden receive successful ART [21, 22] , which greatly reduces infectivity [23] .
The number of patients in each group and each year was small, leading to estimates fl uctuating between years and limited statistical power to detect small changes in the trends over the time period. However, this is due to the low incidence of HIV in Sweden. Our study included approximately half of all eligible patients in Sweden during the study period. The total number of notifi ed newly diagnosed HIV cases in Sweden who would have been eligible for the study fl uctuated over the years of the study period, with a slight upward trend (4% per year, p Ͻ 0.001). There was an HIV outbreak among IDUs in Stockholm in the autumn of 2006, which resulted in an increased number of reported cases in 2007 [24] . However, a majority were not diagnosed early according to our defi nition and thus were refl ected in the dip in early diagnosis among IDUs in 2007 .
A strength of our study is that patients were defi ned as having an early diagnosis according to the algorithm proposed by the ECDC, which is based on a composite measure of two laboratory tests, i.e. the BED test and CD4 count, as well as clinical information. This should reduce, albeit not eliminate, the risk of misclassifi cation of early infection when the BED assay is used alone. However, we cannot exclude the possibility that individual patients might still have been misclassifi ed.
Studies in other European countries, including the UK, France, and Germany, have also documented that many patients have delayed diagnosis [12, 25, 26] . In our study the percentage of patients with early diagnosis was slightly higher than in these latter might be due to the exclusion of persons born and infected abroad. Our rationale for excluding this group in the study was to avoid trends in immigration affecting our results. To investigate trends in early and delayed diagnosis in this group, data on date of immigration and knowledge of whether the diagnosis was known at the time of immigration are needed, which was not the case for our study population. In an ongoing study in Sweden, immigrants have been identifi ed as having the highest proportion of late presenters (CD4 Ͻ 350) [27] .
In the present study the MSM group had the highest percentage of early diagnosis, concordant with studies which show that testing coverage and frequency is higher in this group than in other groups [22]. Nonetheless, a majority of MSM and IDUs were estimated to have been diagnosed more than 6 months after infection, despite both groups being recognized as having an increased risk of HIV infection. Therefore, the present study shows that there is room for improvements in secondary prevention efforts in these, as well as in other, transmission groups. As we did not investigate reasons behind delayed diagnosis, additional in-depth studies are needed to guide improvements in prevention strategies, including investigation of whether there is mainly patient ' s or doctor ' s delay.
Although delayed diagnosis is of concern, recent infection implies ongoing HIV transmission. Our results indicate that this occurred among MSM, IDUs, and other groups in Sweden, emphasizing that primary prevention strategies also need to be strengthened and directed to groups and individuals at high risk of contracting HIV.
